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9.3 Blood p'ressuremeasurements in Study II'

9.3.1, Introdl.i:et'ion·
, '~ '. {

As Study I ,suggested an assoc~ation between populations' health and the
Transmitter's EMF,our main concern was the reliability of self-reported

, health or illnes~. In order to rrteasure the reliability, answers to questions in
Study I had to be compared with a 'gold standard' diagnosis. We considered
as' a 'gold stanClard'diagnosis either a measurement proc,edure that could
be easily performed by ourselves or by a skilled physician. ' Since changed
blood pressure seemed to occur with statistically different frequency be-

_ tween Zones A, Band C, a.I1d blood pressure measurements are easy to
perform under field conditions, we chose this method for a validation study.
This also gave us anopportunity to study wether under-, respectively over­
reporting of hypertension was independent of the exposure classification.
Thirty-nine persons had reported a diagnosis of 'arterial hypertension' and
58 had answered th_at their blood pressure was 'too high'. In order to obtain
a reasonable sample, we decided to verify the answer to the inquiry about
blood pressure rather than to verify the diagnosis of 'hypertension'. Since
only hypertension is considered to be of clinical importance, we recorded
the answers to the question about the blood pressure to the categories 'not
hypertensive', which included the answers 'normal', 'too low' and '1 don't
know', and 'my blood pressure is too high'.

9.3.2 Method

All 58 persons who had answered the question about thei~ blood pressure
with 'too high' were contacted. A systematic random sample of 58 persons
v:rho had answered the question in the sense of not having an increased blood
pressure were selected from the health interview survey regardless of Zones,
age and sex, and contacted.

On 3 occasions with a minimum time interval of 3 days, 3 physicians
, from our team (E. Altpeter, R. Blattmann, Th. Krebs) carried out blood

pressure measurements'- Prior to each of these, the participants had to rest
on a bed at least 5 minutes. At the first investigation, body height and
weight were measured, the participants' medication was recorded, and in
the cases of repeated hypertensive blood pressure values the participants
were asked for written informed consent to allow us to contact their general
practitioner or internist.

Blood pressure was considered as hypertensive, if at least 2 out of 3
measurements were ? 160 systolic or ? 95 diastolic, or when a patient

, taking medication for lowering blood pressure suffered from hypertension
diagnosed by her or his physician.
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a+b
c+d

Total

n=a+b+c+d

a
a+b'

., Disease\ Test positive negative
present a b
absent c d
Total a+c b+d

Results

9.3.3 Stati~ticalAnaiysis

Consider the following 2 x 2 table

then sensitivity is' defined by

9.3.4

" ,
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d
e+d'

In our ~tudy we considered the inquiry about blood pressure to be the t~st,

and the confirmation of blood pressure values obtFined by measuring or '.'
from the participants' physicians to be the 'gold standard' for classification
as iDisease' present or absent. . . '.,.

Another method to analyze the 2 x 2 way table is to consider the tw~' '~,;
methods of investigating hypertension as two independent rates. On this.:,.~)-)!·

assumption the interrater agreement K. can be estimated. K. is a chance>.:"J'
adjusted measure of agreement. After dividing the cells in the 2 x 2 table' ::ft'
by n = a + b + e + d we obtain the observed proportions, and the table can'\::,L
be presented asfol1ows:.~;if

Disease\Test positive negative Total ~ .. ,.);"&;:.
present a b Pl ; )::~:

a~~~:~ P~ q~ q~ .\);~
. -r•• ,..·

, The expected value for a is calculat~d' by ae = P1P2. From this it can ~~/'"
. . . ".' ,",-,,-

concluded that "i'.:.:,d'
~ 2(ad -be)' ,,'
K. = --":'_--'-

PI q2 +P2QI .."

is a chance adjusted me~ure of interrater agreement and approximate9- '~5~:~'
CJ. can be constructed [Fleiss (1981)J. _>:Hiz .

..:;,,;:/~~

-~':~t~::. I

. . "l;~~'?"

Forty-five persons (45/58, 78%) who had and 50 persons (50i58, 86%{¥~O
had not answer that their blood pressure was 'too high' participated·.:1!t.~r

the first consultation it turned out that 9 persons (9/45) did no~,;~~.~ei'

. from hypertension but that on occasions such as donating blood or :~lX!$lt
at a pharmacy an increased blood pressure ievel had been obser.v:e.1J"'In
1 out of these 9 cases increased blood pressure levels had been reqor

. ".I

, and specificity by



, ,

123

9.4 Discussion and Conclusion

. I .

95

40
55

Total

50

5
45

67
337
404

Total

299

46
253

not 'too high'

absent

35
10
45

21
84

105

present

'too high'

present
absent
Total

present
absent
Total

Disease\ Exposure

Hyperten~ion\ Question

which is fairly high.
In Study I we had observed 15 respectively 24 persons in Zone A respec­

tively in Zones Band C who declared that they suffered from diagnosed
hypertension. Three (15 ·10/45) and 5 (24 ·10/45) participants thus had to
be considered as not .being hypertensive, and 9 (90·5/50) and 27 (275·5/50)
respectively as suffering from hypertension without being aware ofit. This
led to the following table

From'this table we obtained an odd's ratio of 1.4. On the assumption that
our correction factors (10/45 and 5/50) are quite precise, 95% OJ. for the
odd's ratio can be estimated 0.75 < OR < 2.52. This allows us to conclude
that there is no obvious association between exposure and increased blood
pressure.

We obtained a sensitivity 6f 88% and a specificity of 82%. The interrater
agreement is calculated by

2 (35 45 5 45)
K. - • 95' 95 - 95 . 95 - 0 603

- 40 • 50 + ~ . 55 -. ,
95 95 95 95

The purpose of the Shortwave Transmitter Schwarzenburg Study was to ex­
amine whether the Transmitter's electromagnetic field could be associated
with ill health. As the health intervittw survey in 1992 suggested that there

during pregnancy. Remaining 36 persons who had indicated that their blood
pressure was too' high' h~d increased blood pressure levels at .two out of
three visit~ or underwent antihypertensive treatment. These were asked for
consent to contact their' physicians. Nine physicians were contacted and
all responded to our inquiry: .the diagnosis "hypertension" was confirmed
in all 36 persons. In one case the diagnosis was established by repeated
values between 145/95 and 160/95.' This case was thus considered as not
hypertensive although the diagnosis was established by the physician. As a

, result we obtained thefollowing 2 x 2 table

.' ,
..':\;':

r .-~

· ..•• '."1



might be an effect, ~nblood pressure, we were i~t'erested in establishing ,
whether this finding could be confirmed by measurements and information
provided by the paiticipants" physicians. Since low blood pressure is not as­
sociated with serious dise~es we focused on hypertension; this in particular
because we had found a slight, but insignificant increase of the odd's ratio.

This finding required further investigation; in particular the influence
of under- or overreporting on the odd's ratio was not clear. Our results,
however, show that'no association between hypertension 'and EMF-exposure "
in the shortwave range could be demonstrated.

It is of interest that self-reported blood preSsure levels was a relhi.ble
-", .

indica.tor, With a serisitivity of 88% and a specificity of 82%. The chance- ,
, '

adjusted agreement between self-reported blood pressure and a diagnosis
, of hypertension confirmed by measurements and by the participants' physi- ,,'
-dans was unexpectedly high K = 0.6. Ten per cent qf the participants did
, not know that their blood pressure levels were increased, and 20% of the
participants had reported increased blood pressure levels on the bases of
occasional observations.

Conclusion

No ~sociation between hypertension and EMF-exposure in the shortwave
I range cou}d be established.
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the Transmitter;s-~le~t~6~~g~eticfield seems unlikely, it cannot be excluded.
A more 'sophistic~ted study,including psychological testing is not possible
due to the small number'of schoolchildren in this small rural population of
limit size., : ,' .. >

Keywords: ae (adverseeffeets), radiowaves, schoolchildren
.',/ ..

10.1 Introduction

The objective of 'the Shortwave 'Transmitter Schwarzenburg Study was to
find out if the co~plaints, of'the population living in its surroundings were
justified. In a petition of 1989 the petitioners claimed ill health of adults
and children. They especially pointed out that the children showed. a strange
behaviour. Whereas Study I had focused on adults, in Study II we wanted
to establish whether there was some evidence that the children living in the
exposed school district differ from unexposed children.

10.1.1 Literature review on children and EMF

There is no evidence that electromagnetic fields in the shortwave-frequency
range do any harm to children. As for the low-frequency range e.g. 50 Hz,
there is an extensive debate gping on about its potential to either induce
or promote leukemia and brain tumors like neuroblastoma. The studies
indicating a significant effect on the rates of leukemia are not widely accepted
(see Bibliography»

10.1.2 Options of studying performance of schoolchildren

, When studying performance of schoolchildren, we had to realize at first
whether we were interested in a chronic effect or in an acute effect, as this
determined the choice of the test as well as the design of the study. Fur­
thermore, we had to establish the size of the potential study population.

In order to obtain interpretable results we had to control for

1. the children's age

2. the children's housing
. . .. ..

) 3. the parents' attitude to and their influence on chiIdrens' upbringing

4. the teacher's opinion on the Transmitter and its influence on schoolchil­
dren

'Not only the design determined the choice of the method but also the
size of the potential study population. Since age is of critical importance

, at primary school level we decided to focus on children of the age of about
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eleven which corresponds to the fourth class level. In a first step we decided
to carry Qut an exploratory retrospective analysis of 'the promotion rates
from primary to secondary school. This allowed us to establish whether
the population would be large enough to allow for a more detailed study,
as well as to answer the question whether there would be some evidence of
difference in promotion rates between exposed and unexposed areas.

10.1.3 School Organization at Schwarzenburg

The school system in Switze~land is based on a federal principle, e.g. within
a given legal framework every municipality is allowed to organize its school at
its convenience. In the Canton of Bern there are basically three school levels:
primary, secondary and high school. The primary school truck has 'nine years
and allows for the lowest level of completion of compulsory education. Until
1994, the more talented children could shift into the secondarY school track
of 5 years duration after completing the first four years of primary school.
After secondary school the students could promote to high school. After
1994,· promotion to secondary school was postponed to the end of the si."<th

. grade, but this change has no relevance to this study, which was conducted
in 1993.

10.2 Methodology

The 7 headmasters of the primary schools of the municipality of Wahlern
(Schwarzenburg) were contacted. Unfortunately only 2 answered positively

. to our letter: one of the exposed school at Mamishaus and one of the unex­
posed school at Moos. They were aske~ to provide us with the total numbers
of children in the school classes at level four respectively five and the number
of promoted schoolchildren going back as far as available.

Given the geographical situation of the school districts, all children at
the school of Marnishaus had to be considered as exposed (see the maps),
and all children at the school of Moos could be considered as unexposed.
The earliest numbers available at Mamishaus dated from 1954, after this
school had been opened in the early fifties.

In order to obtain an overall estimate of the promotion rate, every year
was considered to be a cluster and a Mantel-Haenszel w~ighted Odd's ratio
and X2 was estimated by EPI-INFO. The rates were displayed graphically
and smoothened with a robust algorithm Csupsmu') by Splus Verso 3.2
under Windows 3.1 on a PC.

128

-," .

",-.

> ,

..~ ').

. ';" .'

;:. ;.' ,J

• " ···'1

-. \{:1;1~~:

\~~:~.,.:',.,
....·.;~t:·

'\'~ '.



I'" "t\i!

. '
·-t·

J. '. • ,i~

" ..... .\,
\ . , ,

..

10.3 Re~ults .,".:".'.. -', .. ' ,

, .

The data are' su~maiized i~ Table 10.1. Because the numbers are small the
promotion rates are not given in percent. The small numbers also indicate
that a study at the forth class level would he of small power. Therefore, no
further eValuations were planned. "

Promotion rates Promotion rates
Year ,Exposed Unexposed Year Exposed Unexposed
1954 0/18 5/21 1974 3/17 1/8
1955 0/19 2/9 1975, 4/10 6/15
1956 ,0/17 3/15 1976 3/18 0/7
1957 0/15 2/15 1977 2/17 4/13
1958 1/20 1/14 1978 3/13 2/1i
1959 0/17 2/12 1979 2/11 2/9
1960 0/18 3/13 1980 3/9 4/12
1961 3/16 6/22 1981 1/10 5/6
1962 7/17 2/9 1982 1/2 4/9
1963 3/11 2/9 ' 1983 1/6 10/12
1964 4/15 5/14 1984 1/5 4/5
1965 4/13 1/13 1985 4/12 3/7
1966 5/13 3/14 1986 2/10 2/8
1967 0/12 2/14 1987 1/8 3/7 ..........

1968 1/13 1/10 1988 8/14 1/7
1969 4/19 ft/9 1989 4/9 3/9
1970 0/15 2/7 1990 3/5 0/4
1971 2/11 5/10 ' 1991 3/11 1/3
1972 ' 4/12 '2/9 1992 5/12 6/8
1973 3/14 1/9 1993 4/9 2/5

Table 10.1: Promotion rates from primary to secondary school level

Children at Mamishaus school have a significantly smaller chance to pro­
mote to secondary school level than children at Moos (OR 0.43<0.63<0.85;
Mantel-Haenszel weighted X2 = 8.04, p < 0.005). The differences occurred
mainly at the end of th~ fifties, sixties and during the beginning of the eight­
ies. The time trend is difficult to explain only by the raise of exposure. As
the school districts have a similar'socioeconomic structure and both are in
a rural area such differ~nces do not ~xplain the scholastic outcome. It is,
however, known that the regulations for promotion changed in the course of
the past decades. From 1953 to 1960 children could promote at the end of
the fifth grade. 1960/61 they could either promote at the end of the fourth
or fifth grade. From 1962 promotion w~ possible after the fourth class level.
During this period the promotion regulations changed several times, and it is
actually difficult to trace back when and how they really changed. It is, how-
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,ever I known that from t~e ~a:rly 'sixties to the mid-eighties promotion 'was
only possible up'on the recommendation of the teacher and dependent on the
'result of an examination. Thus the differences between the two promotion
'rates might result from teachers' different requirements for recommending
promot~on.. In recent times the promotion rates have evolved almost equally. ' , ..
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To our knowledge there are no studies available which would have tested the
hypothesis that electromagnetic fields of the range of 3-30 MHz could cauSe'
any harm to children. A study of rare, severe diseases such as cancer was
considered impossible in the present situation given the small numbers qf ex­
posed children. We therefore based our hypotheses on the complaints voiced
in the neighbou~hoodof the Transmitter and tried to estabiish whether in-:-'
dications for harm in terms of psychological malfunctioning could be found." ,:,~

The data suggest a decreased promotion rate of exposed schoolchildren iri,'tij
comparison with the unexposed ones, Therefore an adverse effect canriotb'~:;J*',

. ~ .... :~:~...

. ..:.~.~~~.,
.. ~::\-~ .. ,

Figure 10.1: Promotion rates from primary to secondary school level. The
,left panel shows 'the absolute promotion rates. The 'E' points indicate the
promotion rates for the exposed children, the 'U' points for the unexposed
children. The full ,line smoothens the rates of the exposed and the dashed
line of the unexposed promotion rates. The right panel shows the' odd's ratio'
obtaif!.ed after s'moothening (see text). '

)

10.4 DiscussIon an'd Conclusion



Conclusion

131

A potential effect on school promotion rates due to the Transmitter's elec­
tromagnetic fields seems unlikely, but cannot be entirely excluded.. More
sophisticated studies would have to be conducted elsewhere, as due to small
numbers of children such studies would not be possible in our study popu~

lation..

, I
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e.xcluded: It' was, however,i~possible to control for important confounders
such as teachers' requirements for proposing the promotion or the view of the
parents ~hether 'secondary educati~n is of benefit to their children or not.
The cyclical beha.~ior of the relative promotion rates is strongly suspicious
in relation to' such 'effects. It has, however,' to be stressed that this difference
can be explained neither ,by the socioeconomic status in the school districts
of Mamishau~ and,Moos nor by the difference of the educational systems at"
the two sites, as these are very similar. ,,' ,

A seleCtion bias ~oncerning the control school cannot 'be excluded. Of,
five contacted schools outsic:le the exposed zone only one headmaster agreed'
to participate, and it could perhaps be related to a particularly good per-

. formance' record. . . -
, .

, Nevertheless, since promotion is an important social step, our finding of
a difference in promotion rates would justify' further investigations such as
extensive psychological testing. But the total numbers of children do not
allow to properly design a study of a sufficient power in the population of

. schoolchildren exposed to the Transmitter of Schwarzenburg (see Table 10.1
on page 129).
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Appendix A

IyIeasuring Systems'
.>

A.I Loop antenna system

h = 1.5m

1: loo~ antenna 'Rhode & Schwarz HFH-Z2
2: mech'anical construction' enabling to turn

the loop antenna into the 3 axes x, y, and z
3: attenuator 20clB
4: ferrite
5: attenuator lOdE
6: signal cable, around 1 meter
7: supply cable, around 1 meter
8: measuring receiver chase 4301
9: power supply
10: wooden support
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Figure A.l: Probe type EH 30 KW, EMC Baden Ltd., Dattwill, Switzerland
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A.2 Isotopic sensor system

In order to reliably measure the extremely non-uniform EMF of the short­
wave transmitter inside buildings, a fully isotropic probe, capable ofmeasur­
ing independently and simultaneously the E- and H -field had to be used.
Furthermore due to the relatively low field levels which had to be measured,
the dynamic range of the existing probe EH 30 LW had to be modified, re­
sulting in the special version of type EH 30 KW (EMC-Baden Ltd, Dattwil,
Switzerland).

'. "~~.

A.2.1 Basic features of the probe

• isotropic antenna system'
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• simult~rie6i.Is measurement of 6 field components (3 for the electric, 3
· for~h~ magnetic fi~ld)

• broadb"aIld m~as~rements

'. calculation of ~h~ Poynting vector

'. calculation of the equivalent field strength.

A.2.2 Specifications of the probe EH 30 KW

E-field range 0.1-60 V1m
H-field range 0.5-75 mAim

, frequency range "" 2-30 MHz
AM-frequency range 50-7500 Hz
linearity error' ±O.25 dB
flatness of frequency response ±1.00 dB
isotropy in uniform fields ±1.00 dB
calibration absolute uncertainty ±1.00 dB
acquisition time 30-50 dB

The calibration was performed by the National Institute of Standards
and Technology, Boulder, CO, USA (Calibration report No. 812728, Jan­
uary 1993).

(
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(B.3)

(B.4)Ee! f = J Ei,rms + E3,rms + E';,rms'

AppendixB
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--+
A sinusoidal electric field E (t) at a given point -in space can be described
by

where x, y, z mean orthogonal axes of the coordination system, t means the
time, Ex, Ey, Ez the amplitudes (peak values), 4>x, 4>y, 4>z the phase angles,
X', y, Z" the unit vectors along the coordinate axes and w = 2-rrf the

, ,

angular frequency of the field. The field magnitude IE(x, y, Z, t)1 is given by

IE(t)1 = J(Ex cos(wt + 4>x))2 + (Eycos(wt +4>y))2 + (Ez cos(wt + 4>z))2.
, (B.2)

The effective field strength Ee!! is a scalar quantity and is given by

,Definition' of the equivalent
field strength

where T =t denotes the time peripd.
Instead of the peak values Ex, Ey , Ez very often the root-mean-square

(rms) values Ex,rms, 'Ey,rms, Ez,rms 'are used, which are smaller by a factor ­
of h. Equation B.3 may thus be written

In the standards such as IRPA "root-sum-square" fields Erss and "equiv­
alent" fields Eeq are defined according to the right hand side of Equation
BA. Therefore, Eeq , Erss and Ee!! are equal to each other

Eeq=Em = Ee!! = JE;,rms + E;,rms + E;,rms- (B.5)
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. .

. , ,Obviously, the mutual phase shifts between the field components (see
Equation B.1) which o'ften 'occur in near-field regions, 'do not have any in­
fluenc'e upo~ Eeq • The E field vector rotates as a function of time, the tip
of the vector describing an ellipse called the polarization ellipse. If the field
components are given as rms values (Ex,rms etc.), the IElmax field is also
rms. IElmax corresponds to the RMS value which would be measured by a
single axis instrument whose sensor is aligned such as to obtain maximum
reading (i.e. parallel to the major axis of the polarization ellipse). It can be
shown easily that the above defined Eeff and IElmax (rms) are equal to each
other only in the case of equai phase angles (linear polarization), in general
(elliptical polarizations) IElmax' is lower than Eeq , usually by afactor in the
range 1.0 -1.41 (see Equation B.6).

lEI' = { Eeq , if <Px= q>y = <Pz (B.6)
max LO~~r41 = (0.71...1.0) . Eeq , (elliptical polarisation)

IElmax is therefore either equal to or less than Eeq , the ratio IElmax /Eeq

lies within the limits 0.71 and 1.0. The lower limit of 0.71 corresponds to
-3 dB, the upper limit of 1.0 to 0 dB. IElmax however neglects any field

~.

components perpendicular to the major axis of the polarization ellipse while
in Eeq all field contributions are included with equal weight. Similar equa- .

--+ '
tionS also apply to the magnetic field H(x,y,z,t). '

Source: Manufacturer of the EH30KW sensor, EMC Baden Ltd, c/o ABB
Research Center, 5405 Diitwill.
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In the Table C.1 five types of uncertainties are distinguished: The uncer­
tainty of the measurement itself; the uncertainty due to unknown polar­
ization of the field ; temporal variations of the field between the time of
measurement and the time of the medical investigation; spatial variation of
the field between the .point of measurement and the position of the person;
dosimetric uncertainties due to unknown site of interaction of the field on .
or in the human body.

The measurement uncertainties are reliably known from the measure- _
ment system specification. The uncertainty due to unknown polarizations
of the field is derived from theoretical arguments (Appendix B)

Temporal variations are estimated. Spatial Variations are taken from a
case study using numerical simulation of the field distribution in a typical
bedroom.-

Dosimetric uncertainties are taken from the same numerical simulation.
The range indicated encompasses various situations which have been mod­
elled. The parameters varied are the polarization of the field with respect
to the axis of the persori, coupling of the human with its immediate neigh­
borhood (e.g.. an another person, a lamp) and the site of interaction on
the human surface or within the head. This range of possible variations is
to be considered as an order of magnitude estimate only due to the limited.
number of simulated situations and the coarse modelling of the human body.

For all individual contributions the worst case range of possible values
is given in the Table C.L Since no information about the actual probability
distribution is available, a uniform probability between the lower and upper
bound and zero probability outside is assumed. The standard deviation'
sigma of such a uniform distribution is then calculated according to

. "."

."",,'-:.;-'
I' ~''',:'~.

, .

Appendix C
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_ / (6 - a)2
a - 12'

U ncertaintyof exposure
. ,

'assessment in the Study II·



y = lOx / 20

Remark 1 All uncertainties in this table are given in decibels (dB). x deci­
bels correspond to a factor of

I,
I,

~:

x = -2.9dB -t y =0.72.
x = -lOdB -+ y = 0.32 .
x = -20dB -t y = 0.1

x = +2.9dB -t Y = 1.4
Example 5 x =:= +10dB -+ Y = 3.2

x = +20dB -t Y = 10

with respect to field strength.
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where a and b are the upper and lower limits of the range. In Table C.I, such
calculated standard deviations are 'shown for all individual contributions.

. If ~e~eral factor~ det~rmine the uncertainty of a quantity of interest (as
is e.g". the case for the measured field value, see Table C.I, pos. 1.6), the
individu~l cont~ibutions are assumed to be statistically independent. The
overall standard deviation is then given, applying standard error propaga­
tion methods, by the square root of the sum of variances of the individual
contributions. In Table C.1,the standard deviations for the relevant com­
binations of the influence are shown (pos. 1.6; 3.3; 6.1; 6.2; 6.3). 'Where
appropriate,' also. the r~ge ±2 standard deviation is indicated (pos. 1.6;
6.1; 6.2; 6.3). ~ This rarig~approximatelycorreSponds to a confidence inter­
val of 95%, provided that several. influence factors contribute to the overall
u~certainty ~d that none of them grossly dominates. This· range of ±2

. standard deviations has some importance in evaluating compliance with ex­
posure limit Values: according to BUWAL 1992 the measured field strength
plus the total measurement uncertainty, expressed as 2 standard deviations
(Table C.1, pos. 1.6), must not exceed the exposure limit.

,'.1
.'~''''

" ..
.'
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Table C.1: Uncertainty of exposure assessment in Study II (sd standard
deviatio~)

r

..,

,,'

E [dB] AE[dB] H[DB] AH[dB] .
range range ~+,;:~t

'."(.'.",!"

min. max. sd 2 sd min. max. sd 2 sd ' ~..
1. Measurement uncertainty

' ...•

1.1 Calibration uncertainty ·1 1 0.6 -1 1 0.6
'\.'

1.2 Linearity deviation -0.25 0.25 0.15 -0.25 0.25 0.15 ' ..

1.3 Flatness of frequency response -1 1 0.6 -1 1 0.6
1.4 Anisotropy in uniform fields ~1 1 .0.6 ·1 1 0,6
1.5 Additional anisotropy in local field gradients -1.7 1.7 1 -1.7 1.7 1
1.6 Total measurement uncertainty 1.45 2.90 1.45 2.90

.1-"

2. Uncertainty due to unknown polarization of em. wave

/~~2.1 difference between equivalent and maximum field strength -3 a 0.85 -3 a 0.85

3. Temporal variations ~ .. ~::'::~.

3.1 Varying propagation conditions for electromagnetic waves -2.5 2.5 1.45 -2.5 2.5 1.45
3.2 Varying operating conditions of the transmitter -0.5 0 0.15 -0.5 0 0.15
3.3 Total temporal variations 1.45 1.45

4. Spatfal vadatfons
4.1 Non-uniformity of fields in bedrooms -6 6 3.45 ·4 4 2.3
4.2 Total spatial variations 3.45 2.3

5. Dosimetric uncertainty (representativeness of measured
field parameters for hypo/he/ical dosimetric quantities)

5.1 Variation of the local surface field strength along human body -26 12 10.95 -1 5 1.75
5,2 Variation of the local surface field strength along the head 0 12 3.45 -1 1 0.6
5.3 Attenuation of the EMF within the head -44 -28 4.6 -1 0 0.3

6. To/al exposure uncertainty (con/ributions 1/05) if
point of interaction is

6.1 localized at an unknown site on the body surface 11.65 23.30 3.6
6,2 localized at an unknown site on the head surface 5.35 10.70 3.2
6.3 localized at an unknown site inside'the head 6.15 12.30 3.2
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C.l '.Compufer simulations
'. .' ,: . .

, In Fig~re C~1 th~spatialvariations of the electromagnetic fields in a bedroom
and the surface field strengths along human bodies are displayed. A simple
bedroom is sketched On top of ,this figUre which shows only those objects
which may give rise toilOn-uniform fields. Such objects are either metallic
or los~y dieleCtric objects including humans. The contour plot in the middle
and at the bottom 6fFigun:i C.lshow the local distribution of the electric (E)
and magnetic (If) field magnitudes due to an incident electromagnetic wave
with 1 Vim (OdB V1m) amplitude. The calculations were performed by
means of the method of moments. The full and dashed contour lines identify
local ar~as with excessive(~ 0 dB V1m) and decreased field strengths « 0
dB V1m) respectively. High field strengths have to be expected especially
in the region of the bedside table lights and at the heads of the persons,
high field gradients occur whenever one gets close to the surface of metallic
objects or humans. The local field variations of the magnetic field strengths
are considerably smaller than in the case of electric fields..

Figure C.2 shows the attenuation of electric and magnetic fields within
a human body (finite element calculation). A two-dimensional model of a
man was assumed with 'uniform' electrical parameters (relative dielectric
constant Cr and electrical conductivity a) for the head and the rest of the
body. The influence due to differences of biological tissue, bones, lung, heart
etc. was not taken into account. Figure C.2 shows the local field variations
inside the body due to an incident E-field of 0 dB V1m (left panel) and H­
field of 0 dB' Aim (right panel). Excessive field strengths along the surface
of the body are not shown'in this overview. 'Big differences between the
attenuation of the electric and magnetic field strengths can be seen: more
than 40 dB V1m for the E-field, and less than 5 dB Aim for the H-field.
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Computer Simulation of FIeld Distribution Inside I Typical Bedroom

. Medii 01 a Iypk:lll bedroan Inducing
tal bedsldIIlIlble I{;rt.
(b)18ItaIora,
(el two lying people,
(d) alec:ttIcal power Inse and
(8)rnUt~L

(d)

relatlw

eledrlc

field

H

relative

magn.tlc

field

C«1tour pial of ntI8lIft .-etric (E) and~ (H) RakI verl.tlon
(In dB) '"' 15 MHz (horlZlOf1lllI plana. t m above noor).

Figur.e C.l: 'Spatial variation of electromagnetic fields in a bedroom and
surface field strengths along human bodies
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